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*LPlotting the Diagram of the Directivity of .. . - Antenn a with the lid of Airplanes
0' and Beliopters

Tho plotting of diaugrts of the directivity of stationry antennas with

ranges-of obsut asn ultraskort waves, as was shown above, is done mkinly from

hirplanes and helicopters! This makes it possible to take measuremwnts in

any plane, obtain data for the making of cartographic dscramns of the dorec-

tiVity., and besides it makes It possible to record automatically the diree-

tivity diagr,•, which excludes Individual errors of observation and assures

complete objectivity and documentation of the results. The first automatic

recording of a diagran of directivity with the aid of an airplane was don in

1934 by T. V. ?atarinov f22J.

The equi/sent for plotting diagrams of directivity from airplanes should

consist of a transmitting device, an auxiliary antenna, and instruments for

tracking a flying apnaratue.

f'Iere are tvo vawftaa tbosshble in the arrangement of the apa•artui--.t-

rectly on the aircraft or oa a craft in tow.

&The plting of a directivity diagri is best done free a helicopter, since

In the first place from an airplane it is difficult to correlate the notation of

the Statese of the blmtumeats with its position, and ia the secod p]ace the

masrmgets from am aifcraft have to be dome over great disteaces, nd for am,-

tennas with raised main lobe, besides at great altitude, wbich requires a

* complicated system of radar observoation.



TSnaitn US

For plot ting th ~ec1jY.idnngo active transmitting rado en

toer It In expedient to use thii inyvea't*1Cty&dI%ý.ýtenaa as & transmtting antennae,

and as a generator, an ooera*.ivg;..nansM'%iotteorin the role of carrier.

For Investigating antvnnas1o~frec'ceviftgoin.do centers or'trunsmitting

radio centers under consttruction I .8'o . sa.r to hive sbecial measuring

generktors! which one can place- both tbe:,lyihegcraft and the craft In

* tow. Iii the first cage A's'.am-essurinl eer~o one, can use the OSS, but
" % W

generally the OSS use cuirrent'of~ Ia'freouency of.61 vis, and the airborne circuit

has a higher frequency. hreoeoebatouse a frewquenc7 convertor or

storhage batters and chaznge DC. ,into AC;..1-

Generators set up on toyed 'craftkmihoild -,have little weight and be con-

pact and be metically sealed. Itiioo~n~t to aup%,ly them with electrici-

ty from batteries. The poweofe geert~os Is not great--from a froc-

tian of a watt tbod wfttý 'They -should býie designe~d for-a ser~cS' of fixed

frequencies. The setting ulD for th'e Tr'eq~i redi frequency to done before theO

fl ight. In special generators'j,,a irborn

be quartz stabilization -of t*'ae frequency.

It is eomedient. to uie -the Yi'ilititated. antenn,% as a receiving one.

Receiving Device

For plotting the dlagram o'ft -axrecivity of antennas of active trans-

mitting radio centers as a ree-igamrgtus one can use commercial re-

*ceivers, devices for measuring 'he'nt si~ty of the field, disturbance

meters, etc. Automatic Volue ýo~ro.'should be coiwected In and the re--

ceivers calibrated..

!'be arrangem~ent of the. reeiier on the flying craft requires that one

assure Its stability agal inst ist'u-rb`&"ce and that it be well buffered,

FTD-T-!-63-42/l 2 * r 2



.am this applies also to the recording devices.

The problem of aswuring itabtlity afalnst disturbance Is made easier

thrcugh the use of the operating tranesitter of the radio center, which as a

rule has great power and can create consiuerable fields at the place of the

reception. One can improve the stability against disturbance by shielding

off the receiver well blocking It on the power supply circuits.

In using the Investigated antenna as a receiving one it is most expedi-

ent to use commercial receivers which have high sensitivity, since on a fly-

Ing craft it is necessary, as was pointed out above, to install low-power

g•enerators.

Aunxilisa Antennas

O0airplanes andhelicorters which are devoted specially to atenna moeasure-

Eents the auxiliary antennas can be installed in the best way.

At the present time in using ordinary cruisine flying craft one may pro-

rose the following varations 1z the arrangement of thp auxiliary antennas.

Fig. 9.10. Dislposition of the wire horl-

sonta symmetrical vibratory on the air-

craft: a) above Its fuse@Ui*e; b) between the wing and the tall part.

In the Case of horizonta•2 polarization of the field of radiation, as

auxlilary antennas one uses symaetrIcal vibrators. In Fig. 9.10 th.re are

shown two variations of tbe arrangement of a snort-wave vibrator made of

t a copper wire or antenna strwaded w1re--above the fusolage of the alrylaae

WD--!266_1-W2l + 23



w* lmtwmmn the wing and the tail pArt. The arrangement of an anehPuS An-

tenna on a helicopter Is shown in Fig. 9.11. Along with the wire antennas

one uses also antennae of copper tube& fastened to a wooden rmd (Fig. 9.12).

Fig. 9.11. Arreneement

of wire symmetrical horl-

zontkl vibrator on a

helicopter

Fig. 9.12. ;rr;ingement of antenna's of Copper

tube on an airplaine above the fuselage.

r- ~Fil. 13
L '* l ?5n this sane drawing there is

shown the arrangement of the

antenna intended for vertical

* polarization.

For arranging the antenna

une er t he fuselage of a flying

craft (9.1j) it is necessary

Fig. 9.13. Arrangement of antennas of copper
to cet.up auxilitry construc-

tubes: a) under airplane; b) under helicopter.
tion: pylons, mechanisms for

remov'ing thp antenna, etc. In tractice this question is solved in the follow.!

Ing fashion. The vibrator is mounted on te'e!hone supports fastened to a

0 wooaen bea=. The beam is fastened ordinarily with rubber packing materials

reacring arosan the fuselage oa fhe craft (Fig. 9.14). T.he vibrators

preferhbly are arranged in suc. a way that tneir axis coincidee with the

direction of motion of the flyiug craft.

Along with the antenna of vertic.l polarization (Fig. 9.1Z). one also



K1 flezIble P•ick (i,•tIkovs &at*"&),

Fla. 914.ý F~asteing of the

symmetrical vibrator to the

tall part'of a helicopter

S Key: (1) feeder: (2) fastening:

, Lmew,.l (31 baen* (4) insulators: (5)

lantennal. "

The arrwemenat of the antenna In the case of loýating the measuring ap-

parIttus on the towed crift is shown In 71g. 9.15. In this care the anten

finds Itself at a considerable distance from the flying craft, and Its dir.-

gram of directivity Is not di-torted by it, as in the ci.se of the metbods of

placing described above. in the case of towed craft one end Is fastened to. io~e tot .

a conlca•A parachute of nylon and the other 1W a cpren th fflying

craft.

The dimensions of the vibrator are selected In accordhnce with the length

of the wave on which the testing is done -from the .cortptation 2 1 v ., where"

I Is the lwth of the-.ar of the vibrator. If 2 1( (-L then for'the in-
2

crease in the operating heigbi of the vibrator onto its ends there are

placed hollow metallic spheres.

In the case of a towed antenna of vertical poeArisation (Fig: 9.15)

there should'be suspended on the lower end a weight for giving it a vertical

positImm .. .

Fig. 9.15. Armra.weimt of ante*=a towed by helicopter
K.y, (1) capro. cord: (2) caprone cord: (3) parachute.

Srx;j t4) transuetterl (5) antenna: (6) antenna, tranmitter,

3T-D-.!63-62/2/. 2 5



The system of ti *rn the flying craft and the correl.ation of h nl

* cations of the I.nstripaents.vbich record the Intensity of the field with t1W

; oordliates of 'th4', f'YI'ng' craft present a coercilcated problem which has not

*Yet received a final,;molutica. LetusCO desmiothnwchr bn

.. .*Ae~i29truwrint a which note.thie coordinatq pt, the flying cruft one uses a

* heogblite se netpiar the iantenna being fnveatifiateda~ setrving~ for deter-

mi.'ining the aziwuthal. angle&~nd- the angle* of*.tbe pjac,.- and an altimeter of

* a fheflying iizat.us 'for- determiiningte'~ td of theofligdht. It Is Con-

* v~~i~i.'ni 6to use these. instruments wl-eni 6"eantenna en netgtd1

'.:,i".,ýl;,-,recivingantenna. ~'ýThe ini.t-rent s: h oii w- *e. n en s Ity a t th t ouipat

aj the reeie tca'b ,Aae~ s tothe theodolite, so'ltbst there is pan-
Vof~~o the theodolcanaiati

* . * ilsiu lane oUsr cokirdin'of; i nls, te qtl~ ftetedlt

aethe* intensi ty on" the c utmt-of the rece1vier. *~Teairplan'. or helicopter
g0

shuld fly ini a'crl witha~ vte etein te* of the an-.

-tnaand ata* constant..heiig cotrllby tii alti~eter; Besldes;. it

should rnial ith .ldo ioof the, theodolite.

* *In'making mensirements iron e.n airplane .flying at great'speed. ana with

siihr 'directivity.o tbi- Investigated #ntenna* the 'obtiervations should be made

-:,by 'thr'ei9e' pritors. : One* follows the airplane through the telescope of thr

t 'hdoed~it holdizi4 it constantly oni the cross hairs of the or the objective.

-the ssIc6ndrobs@2Mtqth angular scales of the theodolite. and the third Is

p ~ hind 'teIst which shows the Intensity at th, altitude of the r.

ceiver or behind the airplane. On a signal from the operator recording the

*angle the third records the Intensity on tJ-e Instrument or aukes uh.rks on the

tpofthe. self-recorder.

M-'-63-4~2/142 6



Vith a comparatiely broad lobe of the dlrectivity patters of the ab-

team and not very great speed of flight, two or even one operator can makte

the observation. In the ease of helicopter measuroeneat the recording ot

'the angles and t he intensity at moments of brief hovering of the helicopter.

the observation can be done by one otoerator.

If one replaces the theodolite by an automatic radar station with great

resolving capacity :nd synchronizes its working with the work of the auto-

matic recorder, then the plotting of the pattern of directivity can be done

automatically.

If the antenna being Investigated works on radiation and the receiving

ipparatus is located on the flying craft, as an instrument for tracking oam

can also use the theodolite. fht since the operator who records the Inten-

sity at the output of the receiver finds himself In this case on the flying

craft, the connection between the ground mnd the flying craft should be

very good. The measurerents are made in the following fashion.

On the route of the flight one notes ground orienting point the anptlar
5

0 coordinates of which are known in flying over these orienting points the

oerator records at the altitud; of the receiver. If one uses an automatic

recorder then two orienting points are sufficient-the initiPl one at which

the autonktic recorder cuts in. and the final one at which it cuts out. The

speed of the flig.t of the airplane d'iring the period of the recording

should meanwhile be strictly constant.

In researching transmitting antenns It is also possible to use radar

stations.which track the fllgbt of the aircraft, in accordance with the s.I&

Snal of which one records the Intensity and cuts in or cuts out the outomat-

ic recorder. Instead of an autom:-tic recorder one can- use a loop oscillograph.

In order for the measurements with tk.e aid of a flying craft to be guo-

j 1"-T~-!763..& 2 /1 + 27



cas they mast Ue carefully prepared, and in thie prrpaatIon the shold

be prelIminar7 checking measurement @.

T a b I. of CoAtents

Prefacee

1. Parameters of antenna-feeder devices

Basic determinatione

Classification of the .parameters of antennae 5

-Primary experimental parameters of antennas 6

Feeder lines, their parameters and characteristics 8

Rectangular diagram of resistances 12

Polar diagram of resistances 15

Secondary parameters of the first group: frequency characteristic,

resonance frequencies, band of emission 19

Graphic portiayal of the directivity pattern 20

Secondary .aramiters of antennas connected with the directivity

vattern: relative level of lateral maxima, width of main

lobe, coefficient of directed actiqn 28

Secondary parameterE of antennas connected with the amplification

factor: efficiency, effective area, active height 31

Investigating antennas on models 36

Brief information on the theory of the reception of radio waves 32

e. Resonance methods of neasuri. input resistances

General propositions 39

oethod of additional resistance 39

Method of voltmeter and ammeter 43

Methoa of Q-meter 45

Method of Subjection

?-D-77-63--A2/1 42 8



Antenna and feeder ohmotere .2.

"•Kethod of splitting currnts .. 5

Me' Nthod of automatic measurement of inpat resisitae 61

3. eAsurem-ent jjt the IM regsitance pt 0~n~ )xkrI4tuih

Introduction .4

"SVsmtrlcal bridge for lon, uedium.;,nd short waves 64

S"Uonsynmetrical bridge . 67

S•"easurerent of the Coefficient of the traveling'wave on the

* feeder with the ait of a bridge 689

• .:Coaxial and wvagulde bridges 69

". 'lNotions about* the matrlx of dispersion 71
• Analysis of thi worting of coaxial andt wavegide bridges 76

.vo-vire bridges 76

• • .*. I. .eaasurement of the input resistance of ante=nas with the aid

of Lecher limes

Introduction 80

Distribution of voltages hnd currents on the feecer line 80

S. Circuit of the measuri.ng line 83

* Device of the measuring lines o5

Procedure for determining the InpuVt resistance with the aid of

measuring lines 104

unit for automatic recording of the curve of the distribution of

Intensity 109

bIrror in measurmants in usine measuring lires

5. Reflectometere

Block circuit of the reflectonmter 120

Basic characteristics of alrectional cou.plers 121

7T-T63 ./ 2 9



o~eTw o-wire directional coupler 122

• '.: ."Coaxial ditrc~tlonal couplers 129

" . :Strip dtreictzouai coupler* 137

: vaegulde directional couplers 140

6. Mixed methods of determining Input resistance

Introduction lA66

*Method ef three probes 146

"" Partzet's impedometer 151'

. ,. Revolving directional cc%,pler 153

"T meapuring coupler 157

' 7. Measurement of Parameters of feeder lines

•Neas.-Ing cosf.icient of shortening of coaxial cable 163

"Measuring wave resistance 165

Y.easriring feeder attenuation factor 167
asymnnet

1.easure'ment o factor and wave slope on open feeder

lines 172
". ~asy.e try7/

.easur-m-nt off of recqrer Inath 177

8. Measurement of intensity of fIe

' Introduction 182

Direction of arrival of radio weavs 154

"' aeasureZ'ents of Ratio of Azplitude of Wave 189

S.easurement of absolute amplitude of wave 191

Apparatus for measuring absolute amplitude of wave 204

* Nesaurment of wave phase 211

Statistical methods of Processing data of measuremeuts of field

intensity in the presenme of fluctuations (fadings) 217

T 4S-T3-J&2+1 42 10



Equipment of automatic processing of data of measurements e jib..

tensity of field in the presence of fluctuations 226

Method of current of short circulting of antenna 232

ICalibrodyne* method of measuring Intensity of field 237

Measurement of zol~arization of field of radio waves 240

9. Plottinz mattern of dir-.'ctivity of antennas

Determination of minimum distance between the investigated and auxiliary

antennas 247

Procedure for plotting pattern of directivity 256

Using lens in plotting directivity pattern 258

Investigation of parabolic mirror antennas at reduced disthnces 260

Devise for automatic plotting of directivity patterns 2611

Plotting directivity patt.rns of antennas with the aid of air-

planes and helicopters 266

About the use of cosmic sources of radiation for plotting di-

rectivity patterns of antennas 272

Plotting directivity pattern of ferrite antennas in a uniform

magnetic field 273

10. Measuring the amplification factor of antennas

Measuring the amplification factor of stationary antennas 276

Measuring the am-lification factor of portable antennas by

the method of comparison (substitution) 277

Measuring the amplification fastor by thp method of two Identical

antennas. Oeneralisation of the menhod onto two unidentical

antennas 280

Measurement of the amplification factor of antennas by the method

of a flat screen 2t12

7?D-mT-63-42/l + 2 11



Abot Use efect of the ground en the the wemalte 0 *be

saea iureamt of the ampl1fncatlon factor of antennae 8

bferaoee312

7M12-26,.d&2/1 + 2 12



DISTRIBUTION LIST

WEARTME(T OF UDEFM Xr. Copies XAZCR AIR CO)@umD NV. CoplasS

AFSC
SCFDD1
ASTUA 25

HEAQUBTD UATDBTL 5
TDDDI

AFCIN-3D2 1 .SSD (33r) 2
ARL (AR) 1 APOC (PWo)I

ESD (EST) I
RADC (MA)I

OTHER AGENCIzau wca

CIA 1 ASD (ABYII I
NSA 6
DIA 9
AID 2
OTS 2
AIC .2

PWS I.
NASA .1
AM!f 3

*NAVY 3

NAM'R I
PAN)I

77D-T-.6-42/*2 13


